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Abstract 
In the eccentrically braced frames (EBF) in which one end of the link is connected to a column, the integrity of the 
link-to-column connection is essential to the ductile performance and safety of the EBF. But among of all tests that 
have taken place on this connection, because of the intensity of stresses on the link to column connections, the tested 
specimens were confronted with brittle and sudden failures. So it seems that the reduced beam sections (RBS), in 
flexural yielding links can be a suitable solution for raising this problem by concentrating stresses at a location away 
from the connection. Therefore in this paper, by using a finite element program ETABS and with nonlinear static 
analysis (pushover), the possibility of keeping the plastic hinge away from the location of link-to-column connection 
by using the RBS connection, were researched in a dual system of special moment frame and special eccentrically 
braced frame. According to this research, the models with RBS, by earlier developing the hinge at the RBS region, 
can delay yielding occurrence of link at the column face (at least prior to achieving the moment at the location of 
maximum flange decrease of RBS region) to 1.1 times its expected plastic moment capacity. 
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1. INTRODUCTION
Eccentrically braced frames (EBF) are one of seismic load resisting systems in which the waste of 
energy (inelastic action) is performed through ductile links. In some of the common types of braced 
frames, one end of the link is attached to a column, and in these kinds of systems the correct behavior of 
this link is crucial for a safe performance of the EBF. But most of the tests implemented on these types of 
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connection (before the Northridge earthquake (Engelhard et al, 1992) and after that (Tsai et al, 2000; 
Ricle et al, 2001; Okazaki et al, 2006)) show that most of the connections experienced sudden failures 
before achieving the required ductility. These failures were due to the intensity of stress imposed on the 
link-column connections. According to these tests improvements made in welding practices and other 
details in the connection did not suffice for better performance in these connections. The RBS connection, 
also known as the dog bone connection, was first used in moment frames. In these connections, reducing 
a portion of the beam flange at a short distance from the column (which results in moment stress 
concentration in this area) could result to a less amount of moment on the column and a less need for 
welding in the connection, and therefore, would result to a minimum fracture occurrence in these 
vulnerable areas (Engelhard et al, 1999). Among the available cutout types for these types of connection, 
the constant and tapered cuts have the tendency of stress concentration and flange-fracture in the RBS 
areas (Engelhard et al, 1999).   In order to minimize the amount of tension concentration, Engelhard and 
his colleagues observed a radius cut in the connection which has shown positive performance and has 
lead to a common use of this type of cutout on the flanges in RBS areas (Engelhard et al, 1999). 
Engelhard and his colleagues proposed that the design of RBS connections should be in a way that the 
main purpose of its placement on the beam (which is to restrict the beam's moment) should be established 
on the face of the column. In designing the RBS connections, the main dimensions of the RBS (which are 
a=distance between the column face and the start of the RBS cutout, b=the length of the RBS area, and 
c=maximum RBS flange cutout) should be chosen in a way that the probable maximum moment at 
column face (Mf) would not exceed the beam's actual expected plastic moment (Mexp) when RBS reaches 
the hardening strain of 1.1 of its expected plastic moment (MeRBS) under combined lateral earthquake and 
gravity loads. However according to the experiments the maximum hardening strain of the RBS could 
reach 1.15 times its expected moment capacity in this area (Engelhard et al 1999), but in design, 1.1 is 
used. It should be noted that the "a, b, c" parameters should be chosen within the practical domain which 
is obtained through experiments. 
Therefore, it seems that RBS connections could be effective in changing the plastic hinge location and 
furthering it from the vulnerable area which is the face of the fuse beam. However considering the sharp 
slope of the moment diagram in the fuse beams compared to moment frames, the effectiveness of RBS 
section should be investigated. In this paper, a primary method for the use of RBS in the Fuse beam has 
been proposed and as a result the plastic hinge was moved away from the face of column. Also the 
ductility of the EBF frames with RBS connection and weight reduction of the structure was investigated 
for economic evaluation of the specimens.  
2. THE OBSERVED MODELS 
In order to observe the use of RBS in fractural fuse beams, a frame has been chosen from a three 
dimensional symmetric steel structure, which used dual special moment frame systems with EBF (D-
shape) in both directions. The models were 2 series of 4, 7 and 10 story buildings, one with RBS and 
another without RBS, and were observed using the ETABS software for comparison. The models were 
loaded according to the Iranian loading codes of practice, and triangular earthquake loads were applied. 
The design of the frames was implemented according to allowable stress potion of AISC codes of practice, 
also models using RBS were designed according to the bending plastic capacity of RBS sections (figure 
1). 
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Figure 1: Plan and the chosen axis for modeling 
3. THE PROPOSED METHOD FOR USING RBS IN FUSE BEAMS 
According to the RBS design philosophy, and considering that the end moment of fuse beam (which is 
situated far from the face of the column) is less or equal to the moment at the face of the column. The 
following design procedure and diagram (figure 2) is proposed for using RBS in fuse beams. According 
to this procedure, at the maximum reduced area of the flange, when RBS hardening capacity reaches 1.1 
of its expected plastic moment capacity at that area (MeRBS), the end moment of the fuse beam at the face 
of the column (Mf) should not exceed the section expected moment capacity (Mexp). 
 (1) 
 (2) 
 (3) 
 (4) 
 (5) 
 
Figure 2: EBF beam; (a) RBS location in link; (b) free body diagram  
In the mentioned equations, VRBS is the total shear force at the maximum reduced section of RBS. w is 
uniform gravity load on the braced beam span. e is the length of the fuse beam. Sh is the distance between 
the maximum reduced RBS to face of the column. Zb the plastic module of the beam and Ry is the ratio of 
the expected yield stress to the yield stress of the steel (Fy). 
Considering the sharp slope of the of the moment diagram at the short length of the fuse beam, and 
also considering the practical domains in left parts of equations (6) to (8) of the fuse beam, which are 
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commonly used in designing RBS in moment frames, the following RBS parameters were considered as 
shown in right parts of equations 6 to 8. 
 (6) 
 (7) 
 (8) 
In the mentioned equations, bf is the width of the flange and d is the depth of the beam. According to 
the proposed method, the use of RBS would be possible only for certain sections and lengths of fuse 
beams. For example, in a 2 meters long fuse beam, subjected to 1.91 ton/m gravity loading, and with the 
key parameters selected according to equations 8 to 10, RBS could only be specifically be used for 
sections up to IPE 400, and sections equal and more that IPE 450, the equation 1 would not be satisfied. 
4. MODELING IN ETABS 
Since it is not possible to model a radius-cut of RBS in ETABS, it was replaced with an equivalent 
beam, which has the same stiffness. In Figs. 3(a) and 3(b) the symbols for original and equivalent RBS 
are presented, respectively. In the equivalent RBS according to Fig. 3(b), the width of the RBS in the 
middle, is equal to the minimum width of the original RBS, in order to control the stress ratio and 
nonlinear performance of the RBS in this region. The parameters a' and c' are unknown, and in order to 
have a positive value for c', a' was considered 0.45b. c' was achieved from equality of the two stiffness. 
Based on Castiglione deformation's theorem and the offered model of FEMA 274 (see Fig. 4) the 
elastic stiffness of the link (K) with the length of e is the combination of shear (Ks) and flexural stiffness 
(Km) as shown in Eqn. 9 and these stiffness's are computable by using Eqn. 10 and Eqn. 11, respectively. 
In below equations E, G, I and Aw are respectively elastic modulus, shear modulus, moment of inertia and 
web area of link at the x distance from the column face.  
 
Figure 3: Link with RBS: (a) radius cut; (b) equivalent cut 
 (9) 
 (10) 
 (11) 
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Figure 4: Offered model for computing elastic stiffness of link (FEMA 274) 
According to Eq. 10, the shear stiffness's of the link in the two cases of Fig. 3 are equal, so the 
presence of RBS will have no effect on the shear stiffness. For obtaining flexural stiffness of link with 
original RBS cut (KmRBS), inertia moment of section over RBS region, I(x), was formulated according to 
Eq. 12, by placing Eq. 13 (the cut depth of flange c(x)) in to it (The Taylor series has been used for 
simplifying). In the following equations a, b and c are key parameters of RBS design, R is radius of RBS 
cut (see Fig. 3(a)), I0 , tf and d are also moment of inertia for full link cross-section, flange thickness and 
depth of link.  
 (12) 
  
 (13) 
 (14) 
 (15) 
Based on Eqn. 11, the flexural stiffness of link with original RBS cut (KmRBS) and also link with 
equivalent RBS cut (K'mRBS) were obtained from Eqn. 16 and Eq. 17 which in Eq. 17, Ic  and Ic' (Eq. 18) 
are respectively inertia moment of the equivalent RBS in the sections with the cut depth of c and c'. 
 
 
 (16) 
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+  (17) 
 (18) 
Finally through equating stiffness's, c' was obtained in accordance with Eqn. 19. 
 (19) 
In this research, in order to investigate nonlinear performance of the frames, nonlinear static analysis 
(pushover), ETABS was used. Also the plastic hinges behavior were defined based on tables 5-6 and 5-7 
of FEMA 356. The maximum linear expected strength (QCE) and the deformation at yield (șy) of moment 
hinges of links were also manually calculated and assigned based on Eqns. 20 and 21. In Eqn. 21 Z is the 
plastic modulus of section which hinge had been assigned to it.  
 (20) 
 (21) 
5. RESPONSE MODIFICATION AND DUCTILITY FACTORS 
In order to compare the ductility of models with and without RBS, the models response modification 
factors in accordance with Freeman method with several iterations were determined. In this method by 
determining the performance point through "capacity spectrum" method (ATC 40) and by using of 
Iranian normalize reflection spectra (National Building Code: part 6) the amount of R by was obtained 
according to two factors of capacity (RC) and demand (RD). In order to consider the effect of loading 
velocity (Uang 1991), the amount of R was computed by affecting 1.1 factor according to Eqn. 22. The 
ductility factors were also specified in accordance with Eqn. 23 by idealizing the “base shear-roof 
displacement curve” (capacity curve) to the bilinear curve, based on FEMA 356 where įm is the 
maximum displacement corresponding to performance point and įy is the displacement at yield point. 
 (22) 
 (23) 
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6. EVALUATION OF MODELS 
6.1. Process of hinge formation  
In Figs. 5(a) and 5(b) hinge formation process of models with and without RBS up to the failure point 
is illustrated by numbering. As shown in these figures, the first hinges of all models in accordance with 
anticipation were developed in the links. But this yielding in models with RBS has begun from the RBS 
region and the yielding of the column face has occurred with some delay. Whereas in models without 
RBS, the first hinge of links occurred at the critical region of the column face from the beginning. 
6.2.  Integrity investigation of RBS segment design 
In order to see that the RBS presentation can delay the yielding occurrence of the column face, before 
RBS experiences 1.1 times its expected plastic moment (as mentioned in section 3), the locations of 
performance levels of "Life Safety (LS)" and "Collapse Prevention (CP)" were transferred to the locations 
which were corresponding to 1.1 and 1.15 times of the expected moment capacity of section, respectively. 
It is clear these alterations do not have any effect on the nonlinear analysis process and only displace the 
locations of performance levels on the behavior graph of the hinge.  
 
Figure 5: The process of the plastic hinge formation; (a) frames with RBS; (b) frames without RBS 
According to this investigation as shown in Fig. 6, at the roof displacement of 0.098 m, in the first 
floor of the 4 story model, the RBS regions hinges have turned in to light blue (LS limit) and green (CP 
limit) colors, which means that they have passed the LS limit at 1.1 times of the expected moment 
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capacity, but the yielding has yet not occurred at the column face. At the roof displacement of 0.124 m 
(see Fig. 6), the RBS region hinge in the second floor has also experienced 1.1 times the expected 
moment, but at the column face has not formed any hinge yet. The process is the same for the second 
floor of the seven story model, and second and third model of the ten story model, as shown in figure 6. 
6.3.  Influence of RBS on the weight of models 
The existence of RBS in the links, firstly reduces the imposed demands on the braces 
and columns by reducing the moment capacity of section and consequently reducing the 
shear strength of this type of links (considering the design of EBFs is based on the links 
capacity), and on the other hand can increase of dimensions of the structure members by 
reducing stiffness and increasing story’s drift. In order to evaluate the influence of RBS 
on the models weight, a comparison between the weight of models with and without 
RBS were done with equal base shear design. The Fig. 7(a) shows the weight difference 
between these models versus the number of stories. As seen in this figure, in the 4 story 
models in which the drift category has a lower effect on the design process than other 
models, the RBS existence causes reduction of 39 kg of the weight of model with RBS. 
But by increasing the story numbers and appearance of the effects of drift, the weight of 
models with RBS has increased, instead of models without RBS. Although in spite the 
heavy weight of the models, the percentage of this increase as shown in Fig. 7(b) was not 
very much and does not exceed 0.1 percent. 
 
Figure 6: The hinge situation of RBS region prior to yielding the column at illustrated roof displacements 
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(a) 
(b) (a) 
(a) (b) 
6.4.  Ductility of models 
The Figs. 8(a) and 8(b) illustrate the amount of the response modification and 
ductility factors obtained for models with and without RBS versus the number of stories. 
Scheming through these figures show that the amount of ductility and response 
modification factors of all the models with RBS have been increased compared to the 
models without RBS. The average value of this increase, in the ductility factor is 
10.37% and in the response modification factor is 27.77%, which can be the cause of 
earlier formation of hinge at the RBS region.  
7. SUMMARY AND CONCLUSIONS 
In this paper the possibility of RBS existence in the long links or flexural links and its role on keeping 
the plastic hinge away from the link-to-column connection were investigated in three height levels of 4, 7 
and 10 story buildings. According to this research, the existence of RBS in the link, in accordance with 
the offered design, can delay yielding occurrence of the link (at least before reaching the moment at the 
central location of RBS at the column’s face) to 1.1 times its expected plastic capacity and also increase 
the ductility of system on the average, 10.37% in the ductility factor and 27.77% in the response 
modification factor. Furthermore, increasing the story numbers causes little weight increase of the models 
with RBS compared to the models without RBS. Finally, considering the offered design for RBS 
existence in the link, in this paper, this connection was merely recommended for very long links and also 
for the sections of links which are not very big. Therefore this type of connection cannot be utilized for all 
types of flexural links.  
 Weight difference (kg)
185.48
429.84
-39.00
4 7 10
Percentage of weight difference
0.065
0.1
-0.025
4 7 10  
 
Figure 7: Comparison weight of models with and without RBS versus number of stories 
Response modification factor
4.95 5.01 4.784
6 6.594 6.247
4 7 10
without RBS with RBS
`
Ductility factor
1.476 1.483 1.402
1.652 1.63
1.532
4 7 10
without RBS with RBS
 
Figure 8: Comparison ductility of models with and without RBS versus number of story 
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